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ABSTRACT

Forensic odontology is a specialized branch of dentistry dealing with the identification of individuals through dental evidence
for investigation or legal proceedings. Traditionally, maintaining and matching dental records and radiographs, bite mark
analysis, age estimation, and gender estimation were done manually, which was time-consuming and prone to errors.
However, the introduction of artificial intelligence (Al) is a game changer in this field, addressing the challenges faced by
manual methods. It has opened the possibilities of more precise, accurate, reliable, and efficient identification and reduced
subjectivity. However, challenges regarding ethical aspects, data privacy and the need for standardization have to be
addressed. This review emphasizes the significant role of Al in enhancing forensic odontology and its potential to transform
this field..
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1. INTRODUCTION

Forensic odontology, a field that combines dentistry and legal investigations, is crucial for identifying individuals. Teeth, the
hardest human tissue, are resistant to severe environmental conditions such as high temperature, pressure and decomposition.
It is especially used when visual identification is not possible and there are no traces of soft tissue. In addition, in natural and
mass disasters such as earthquakes, tsunamis, landslides, bomb explosions, etc., where bodies are severely damaged and
disfigured, forensic odontology can provide reliable results.*

Forensic dentistry uses various methods for identification, such as dental record maintenance, imaging techniques, bite-mark
analysis, DNA analysis, lip print analysis (cheiloscopy), palatine rugae pattern analysis (palatoscopy), and age and gender
determination. Current concepts include facial reconstruction, denture identification, comparison microscopes, tongue prints,
vitropsy, and related software in forensic dentistry.? Artificial intelligence (Al), a result of the technology revolution, has the
potential to revolutionize this field by reducing the time, labour, human error and enhancing the precision and efficiency of
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the identification process.

The term artificial intelligence (Al) refers to a broad range of methods that allow computers to simulate human behaviour
and outperform humans in making decisions in order to do challenging tasks with little or no assistance from humans.® It is
dominating our lives in the form of ChatGPT, Google Assistant, etc. Al models trained for decision-making, problem-
solving, and dental and medical diagnostics offer reliable information and reasoning for clinical decision-making, making
them a breakthrough in providing reliable information in decision-making.* Machine learning algorithms can recognize
intricate dental patterns, compare dental records with post-mortem findings, and identify potential matches or discrepancies.
Al can also create 3D dental models for detailed comparisons between ante-mortem and post-mortem dental records.® This
review is an attempt to highlight the role of Al in advancing forensic odontology.

APPLICATIONS OF Al IN FORENSIC ODONTOLOGY:

Bite mark analysis:

Bite mark analysis is a forensic science that looks at and compares bite marks left by people on food, skin, or other items.®
It is based on the principle that “no two mouths are alike,”” and enough information about the uniqueness is provided during
the bite process to make identification easier.® Bite mark analysis involves preserving, examining, documenting, comparing
to known dental records, and interpreting the results.® This is the essential evidence in cases of child abuse, rape, sexual
assault, and homicide. The field of forensic odontology is under scrutiny due to concerns about the accuracy of bite marks
as evidence in court. This skepticism stems from a weak scientific foundation, high error rates, and the unsatisfactory nature
of skin as a substrate for tooth impression registration. In addition, factors such as skin elasticity, unevenness, swelling, and
healing may restrict the scientific validity of bite mark comparisons, challenging the abilities of the forensic dentists.*
Integration of Al helps by enhancing bite mark images and identifying patterns. It can also match postmortem bite marks to
the dental records for evidence in criminal cases. Automation can improve the identification process. A preliminary study by
Mahasantipiya et al.?® on bite mark identification using artificial neural networks (ANN) developed a high-performance,
accurate machine learning model to overcome human bias. Bite mark samples are collected in five different biting positions.
The digital camera was used to capture bite marks from samples. After choosing a few particular bite mark characteristics to
train the model, the trained networks produced an impressive matching accuracy. The study stated that despite its reasonable
accuracy, it has high potential and requires further improvement.

A semi-automated examination of human bite marks using two distinct computer software packages was proposed by Molina
et al.!* DentalPrint© used 3D dental cast photos to create biting edges, and BitePrint© was used for characterizing the biting
edges. The ROC curve was used to assess performance. The Euclidean distance of lower tooth rotation had the highest area
under the ROC curve (AUC) of 0.73. As a result, their suggested technique for measuring lower tooth rotation might be
useful in identifying the people who left bitemarks.

Age estimation:

Estimating a person's age is one of the objectives of forensic investigation in order to create their biological profile, which is
crucial in criminal examinations and scenarios of disasters. Commonly, dental age estimation is done by assessing the stage
of tooth development and mineralization and using hand-wrist radiographs. Artificial intelligence has led to the development
of programming neural networks for automatically determining age, with the selection process influenced by available
materials, time, facilities, and expert experience. Nowadays, automated tooth allocation and digital dental panorama image
data are used.

Tobel et al.'s'? study used an Al-based model to stage lower third molar development on panoramic radiographs. The deep
learning convolutional neural network approach outperformed all tested approaches, demonstrating efficiency and equivalent
accuracy when compared to trained examiners. Blanco et al. used Wide ResNet and DenseNet software on dental panoramic
images to determine chronologic age. These models used supervised learning techniques and heuristic grouping. These
models showed high accuracy, especially in young patients with a £3-year deviation. Deep convolutional neural networks
(DCNN) enable age estimation by segmenting images and measuring teeth. DCNNSs also optimize dental X-ray image
segmentation, improving analysis efficiency.

Gender determination:

Sex determination aids in criminal investigations, mass catastrophe victim identification, and missing persons cases by
identifying victims based on their sexual orientation. Forensic odontologists can assist in this process by analyzing teeth and
skull characteristics, as male and female teeth have distinct morphology, crown size, and root length, and skull patterns and
characteristics also differ. Patil et al.»* have proposed a study that uses digital panoramic radiographs and mandibular
morphometric data to determine the gender. Discriminant analysis and logistic regression, two common statistical methods
for determining gender that produce great results, were compared to artificial neural networks. However, the study's findings
confirmed that the Al model outperformed the other two models. Fidya et al.'s'® study on Al-based technology for identifying
sexual dimorphism in canines found that Naive Bayes, decision tree, and multi-layer perceptron methods were highly
accurate in determining gender determination of canine teeth. The multilayer perceptron method was found to be the most
appropriate, with a higher accuracy rate.

Automated dental record analysis:

Automated dental identification systems are computer-aided software used for postmortem identification of deceased
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individuals based on dental characteristics. They consist of a search and retrieval stage based on potential similarities and a
verification stage based on dental image comparisons. These systems provide automated search and matching capabilities
for digitized radiographs and photographs.'® Reesu et al.l” used Automated Identification from Dental Data software
(AutolDD) using 3D dental scans where every reference scan is automatically aligned and superimposed with the test scans.
They stated that this software clearly differentiates the matches from non-matches with high accuracy.

Image Processing and Enhancement

Al-powered image processing tools can improve dental image quality, aiding in the extraction of valuable information, such
as enhancing the resolution of blurry X-rays, highlighting specific features, and reconstructing missing parts of dental images,
especially in damaged or incomplete evidence.

RECENT ADVANCES

Facial reconstruction:

Facial reconstruction is the process that aims to rebuild a victim’s facial look from the underlying skull. The reconstruction
procedure is guided by dental data, including the size of the jaw, the occlusal relationship, and the location and alignment of
the teeth. Reconstructing a person's face can help them be recognized by others and identify missing people. Computerized
methods for 3D facial reconstruction have been attempted to be built. These techniques use software to convert laser-scanned
3D faces from skull scans and then image them as a fully shaded 3D surface.*® Al-driven face restoration technology uses
computer vision algorithms to repair missing or damaged facial components, improving image quality and enhancing facial
details and textures. Techniques such as denoising, deblurring, super-resolution, and image inpainting eliminate the impact
of deteriorating image quality and enhance the identity recognizability of facial appearance.'® Deep learning, particularly
convolutional neural networks (CNNSs) and generative adversarial networks (GANS), has become the core method of image
restoration, making it particularly effective in restoring obscured or damaged areas.?° These techniques help improve the
accuracy and recognizability of facial appearance. For drawing faces, computer programs such as the Vitrea 2.3 version of
volumetric visualization are very helpful.?

Vitropsy:

Vitropsy is a non-contact autopsy technique.? Virtual autopsy applications in forensic odontology involve collecting dental
data and comparing ante- and post-mortem orthopantomograms. This process integrates radiographic imaging, CT scanning,
2D and 3D video, photos, and photogrammetry documentation, allowing remote examination of jaws and teeth without
traditional dental autopsy procedures. Virdentopsy is a registered brand that offers a remote forensic odontological evaluation
of post-mortem dental data from unidentified human remains through a dedicated website.?

Softwares in forensic odontology:

Software like Windows Identification, Disaster and Victim Identification (DAVID), automated dental identification system
(ADIS), unified victim identification system/ unified victim identification module (UVIS/ UDIM), Computer assisted
postmortem identification (CAPMI), GNU Image Manipulation Program (GIMP) and Image J, Selfie forensic Id application
aid in forensic odontology. Adobe Photoshop and Dentascan, scan deceased dentition quickly and provide results within
seconds.?®

ADVANTAGES:

o Speed and efficiency: Artificial intelligence aids forensic dentists in efficiently analyzing vast dental data, including
imaging and patient records, to swiftly, within seconds, accelerate investigations. In addition, it is capable of
concurrently analyzing thousands of documents, something that human experts cannot do in a short duration of
time.

e Accuracy and Reliability: Various studies exhibited precision and accuracy on par with those of qualified
examiners and have the extra benefit of conquering human errors. The problem of subjectivity with analysis is also
abolished.

e Automation: Certain operations, like dental image processing, can be automated with artificial intelligence to
decrease the need for manual labor and improve identification speed and accuracy.

e Cost effectiveness: initial implementation may be costly, but over a period of time it saves on long-term expenses.

2. CHALLENGES AND LIMITATIONS:

e Data privacy and lack of security: A massive amount of patient data collected is incorporated into this Al system,
which raises concern about privacy and security issues.

e Interpretability and transparency: Al models are black boxes, often difficult to understand on what basis a
decision was made. Hence, the use of this field in the courtroom is quite questionable.

e Quality of data and bias: Al models require high-quality data input; poor data quality can demolish the
dependability of results—that is, it can lead to inaccurate outcomes.
Technical expertise: Al requires substantial training and knowledge of programming.
Employment displacement: the automation process decreases the employment opportunities. It should be used as
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a support tool rather than a replacement.

Ethical and legal considerations: consent to use dental records, algorithmic transparency, and rigorous validation
and certification to use Al data as evidence.

Lack of standardization and protocols: no known protocol has yet been developed for utilizing and analysing Al
data in forensic dentistry. Lack of standardization and reporting formats which could ensure consistency and
reliability.

3. FUTURE IMPLICATIONS:

Future studies should explore the use of Al in real-life incidents. Currently, Al has been used in only few aspect of forensic
dentistry however, other aspects like lip prints, palatal rugae, tongue prints, and cemental lines should also be investigated.
Further, the digital dental record of an individual has to be created and maintained in a government database to enhance the
investigation process and accuracy.

4. CONCLUSION

Technology advancements and digitalization are at rapid phase. Inculcating the Al in forensic dentistry should not lag behind
as it can contribute and enhance investigations. Constant update of forensic tool is much needed as it is a booming branch
and has promising scope.
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